The Study Group on Blood Dyscrasias of the American Medical Association Council on Drugs has made a list of drugs, which have been shown by direct or circumstantial evidence to be associated with blood dyscrasias (Erslev and Wintrobe, 1962; A.M.A., 1962) . From this list those drugs were selected which are used in the treatment of arthritis and allied conditions, and the following observations are presented because they may be of some practical value if confirmed by other workers. Table I gives their generic names and the various types of blood disorder which they may cause by various mechanisms. ALLERGY.-A well-known example of an allergic reaction is the thrombocytopenic purpura due to apronal (Sedormid). In a classical series of investigations Ackroyd (1960) has shown that this drug may induce the formation of antibodies which, in the presence of the drug, agglutinate platelets in vitro. Apparently the drug acts as a hapten which combines with a platelet constituent as a carrier. A similar mechanism is probably responsible for the amidopyrine-induced agranulocytosis in which we again deal with individual hypersensitivity. According to Meiers, Gehrmann, and Gahlen, 1963) , antibodies have also been found in a patient with a blood disorder due to phenylbutazone. As far as we know the mechanism responsible for the blood dyscrasias associated with the other drugs in Table I has not been established.
Personal Experience During the last 18 months four patients were seen by us in whom splenectomy was performed at our request. In each case the diagnosis of idiopathic thrombocytopenic purpura (ITP) was made because we could find no evidence of a disease involving the spleen or the bone marrow which might produce thrombocytopenia. There was no history of a preceding infection. These patients were asked about exposure to drugs and other chemicals. The only point emerging was that all of them sometimes took a tablet of acetylsalicylic acid alone or in combination with phenacetin and caffeine, as most people do on occasion. After an initial increase in the platelet count after the operation, a relapse of the purpura occurred in three of the four patients, although it is usually said that splenectomy is an effective procedure in at least 75 per cent. of cases of ITP. Disturbed by this experience we reconsidered the diagnosis in our patients. An unusual feature was the absence of the platelet antibodies which are often associated with ITP, and we found that Cr5l-tagged platelets were rapidly removed from the circulation. Our immunological procedures included the more orthodox antiglobulin consumption test both direct and indirect, and a modification of the Schultz-Dale test developed by Jansz (1960) for the demonstration of platelet antibodies. Unlike the immunologist, the pathologist found signs of immunological activity, because there was marked hyperplasia of the lymphoid follicles in the spleen of two of these patients.
It was noted that all four patients had taken acetylsalicylic acid, but we had considered it improbable that this drug could be responsible for the thrombocytopenia. ,, To determine if we had been dealing with allergy z , 10 to acetylsalicylic acid in these four cases, we used ' three techniques adapted by our group for the detection of drug antibodies.
(1) The first method is a passive haemagglutination procedure, in which BDB (bis-diazotized benzidine) is used for coupling the drug to red cells (Stavitsky and Arquilla, 1955) . This test gives positive results in sera from patients suspected of hypersensitivity to penicillin, PAS, streptomycin, sulphonamide, amidopyrine, and ACTH. Heine and Friedman (1962) also used this procedure with success for finding a drug antibody in a case of the hydralazine syndrome. This technique gave positive results with acetylsalicylic acid in the four patients originally considered to have ITP.
(2) The second method is a modification of the 0 classical Schultz-Dale test. Guinea-pigs were given 4 gr. acetylsalicylic acid three times in 18 hours and were then killed. The uterus horn was put in an oxygenated balanced salt solution and attached to an apparatus for recording contractions. The muscle strip contained some antigen. Serum samples to be tested for antibodies against acetylsalicylic acid were added to the fluid. The occurrence of an antigen-antibody reaction is indicated by contraction of the muscle strip. Suitable controls are of course necessary in this biological assay system. This technique also gave positive results in the four splenectomized patients who had used acetylsalicylic acid.
(3) A third method was adapted from the reports of Ackroyd, who demonstrated that, in thrombocytopenia due to drug allergy, the addition of the drug to blood or plasma may impair the process of clot retraction.
In our laboratory we use a quantitative procedure with diluted plasma, to which thrombin is added. The length of the clot is determined at various intervals, the percentage decrease being the parameter used in this test (Figure) . The addition of acetylsalicylic acid causes a significant decrease in the retraction in patients but not control subjects. The impairment of clot retraction by acetylsalicylic acid also occurs, when the system consists of normal platelets and plateletfree plasma from the patient. These observations 441 + ) group.bmj.com on November 7, 2017 -Published by http://ard.bmj.com/ Downloaded from suggest that a factor is present in the plasma which inhibits platelet function in the presence of acetylsalicylic acid and links the drug-induced antibodies and the thrombocytopenia.
We should have liked to have given a test dose to a patient to see if thrombocytopenia developed again, but hesitated to do this. One of the patients, however, performed the experiment of his own accord, and was found to have an extremely variable platelet level. One week the platelet count might be normal, and the next week it might be down to 5,000. It was found that the patient took APC tablets whenever he felt tense and that periods of emotional stress were associated with the thrombocytopenic episodes. This observation can, however, hardly be considered as a controlled experiment.
It should be mentioned that the patients who had a relapse after splenectomy did not have another episode of thrombocytopenic purpura after they had been advised not to use acetylsalicylic acid. Table 11 summarizes the data obtained on the four original patients and on those seen subsequently. In eight patients the platelet lifespan could be determined during the attack of thrombocytopenia, when we found rapid removal of the tagged platelets from the circulation. The BDBtest was positive in eight out of eleven patients, and the Schultz-Dale in eight out of ten. Negative results were found, especially in the patients who had received large amounts of corticosteroids. The inhibition of clot retraction thtus appears to be a sensitive test. Cases 1, 2, 3, and 4 were splenectomized. Cases 5, 6, 7, 10, and 11 had been treated with corticosteroids before the serum was obtained.
The diagnostic difficulties in thrombocytopenic purpura are illustrated by Case 9, who was treated for Hodgkin's disease with chlorambucil, a cystostatic drug known to be toxic for bone marrow. A severe thrombocytopenia rapidly developed, although he had taken a relatively small amount of the drug, which usually causes a gradual, slow decrease in the platelets. The thrombocytopenia was found to be due to platelet destruction and not to inhibition of platelet production, the bone marrow being highly cellular. We found antibodies against acetylsalicylic acid, and the purpura was presumably due to hypersensitivity to this drug. The same applied to Case 7, who had been treated with quinidine, and whose serum did not contain antibodies against quinidine.
CHLOROQUINE OR HYDROXYCHLOROQUINE.-These drugs are not included in the list of the American study group. Ten patients taking them were found to have thrombocytopenia. One, who had agranulocytosis as well, had taken both chloroquine and phenylbutazone, and died from cerebral haemorrhage, but we do not know which of the two drugs was responsible for this.
In this group of patients the immunological data are less extensive because the study goes back to an earlier period (Table 111) . Case 4 had also had phenylbutazone.
We found a positive haemagglutination test with chloroquine in three out of the five cases investigated by this technique.
The Schultz-Dale test was positive in three of the four cases in which it was performed.
The clot retraction procedure could not be used because chloroquine causes toxic inhibition of retraction with normal platelets suspended in normal plasma.
In a series of in vivo survival studies, Cr5l-labelled platelets exposed to antibody containing plasma and plasma of a normal subject who was given chloroquine were rapidly removed from the circulation in two separate experiments.
In some of these patients thrombocytopenia is due to destruction of the circulating platelets. The mechanism is similar to thrombocytopenia induced by acetylsalicylic acid. In other patients, however, the platelet life span was normal, even though the thrombocytopenia did not improve and the drug was continued during the period of this study. In these patients the thrombocytopenia must be due to impaired production of platelets, probably because of allergy, since in two we found antibodies against chloroquine. We must therefore assure that thrombocytopenia due to drug allergy may be classified into two types:
(1) The classical type (studied by Ackroyd and others) in which an antibody with affinity for the drug-platelet complex has been demonstrated and in which Cr51-tagged platelets were rapidly removed from the circulation.
(2) Impaired bone marrow function induced by drugs which is not necessarily toxic in origin, but may be allergic. We found this allergic mechanism also in a case of thrombocytopenia due to phenobarbitone.
Many workers may find it hard to accept our main conclusion that allergy to acetylsalicylic acid is not such a rare cause of thrombocytopenia as the reports of D'Eshougues and his colleagues (1959, 1961) suggest. Summary In a clinical and immunological study the authors obtained evidence indicating that thrombocytopenic purpura may be due to allergic hypersensitivity to acetylsalicylic acid, chloroquine, or hydroxychloroquine.
